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1[9]
$N$











$N$ (1) $\iota_{\llcorner}^{-}$ 1 $f(x,p, t)$
1
$H[f](x,p, t)= \frac{p^{2}}{2}+\Phi[f](x, t)$ (2)
$\Phi[f](x, t)=\int_{-\infty}^{\infty}dp\int_{0}^{2\pi}dy\phi(x-y)f(y,p, t)$ (3)
Vlasov 1
$\frac{\partial f}{\partial t}+\{H[f], f\}=0$ (4)
Poisson $\{f, g\}$
$\{f, g\}=\frac{\partial f}{\partial p}\frac{\partial g}{\partial x}-\frac{\partial f}{\partial x}\frac{\partial g}{\partial p}$ (5)
1 $f_{0}(x,p)$ $fi(x,p, t)$
$f(x,p, t)=f_{0}(x,p)+f_{1}(x,p, t)$ (6)
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$fi$ $f_{0}(x,p)$ $fi$ $fi(x,p, t=0)$
(6) Vlasov (4)
1 Vlasov





$\frac{\partial f_{1}}{\partial t}+p\frac{\partial f_{1}}{\partial x}-f_{0}’(p)\frac{\partial\Phi_{1}}{\partial x}=0$ (8)
$\Phi_{1}=\Phi[fi]$ $f_{0}’(p)$ $f_{0}(p)$
Vlasov (8) $fi$
$fi$ $t$ $x$ $fi$
Fourier Laplace Vlasov
Fourier-Laplace





$\rho_{1}(x, t)$ Fourier-Laplace $\hat{\rho}_{1}(k, \omega)$
3. 1 Fourier-Laplace
$f_{1}$
$\hat{f}_{1}(k,p, \omega)=\int_{0}^{2\pi}dxe^{-ikx}\int_{0}^{\infty}dte^{i\omega t}f_{1}(x,p, t)$ (9)
Fourier-Laplace Vlasov (8) $\hat{f}_{1}$
$\hat{f}_{1}(k,p, \omega)=\frac{kf_{0}’(p)}{kp-\omega}\hat{\Phi}_{1}(k, \omega)+\frac{-i\hat{f}_{1,ini}(k,p)}{kp-\omega}$ (10)
Laplace $\hat{f}_{1}(k,p, \omega)$ ${\rm Im}\omega>0$






$f(x,p, t=0)=f_{0}(p)+ \frac{1}{2\pi}\hat{f}_{1,ini}(0,p)+\frac{1}{2\pi}\sum_{k\neq 0}\hat{f}_{1,ini}(k,p)e^{ikx}$ (12)
Vlasov (4)
(12) 2 $f_{0}(p)$ $f_{0}(p)+\hat{f}_{1,ini}(0,p)/(2\pi)$
$\hat{f}_{1,ini}(0,p)=0$ (13)













(17) 1– $F(k, \omega)$ (17)
$\hat{\rho}_{1}(k, \omega)$ $k$ $F$ $G$
$\omega$ Laplace ${\rm Im}\omega>0$







$\varphi(\omega)=\int_{-\infty}^{\infty}\frac{v(p)}{kp-\omega}dp, {\rm Im}\omega>0, k\neq 0$ (20)
(20) ${\rm Im}\omega>0$ ${\rm Im}\omega\leq 0$ 1
$p$ $p^{*}=\omega/k$
$\omega$ ${\rm Im}\omega>0$ ${\rm Im}\omega\leq 0$
$p^{*}=\omega/k$
$\varphi(\omega)$
$\varphi(\omega)=PV\int_{-\infty}^{\infty}\frac{v(p)}{kp-\omega}$ dp $+$ ( ) (21)
$PV$
























$\omega_{L}\in \mathbb{C}$ $1-F(k, \omega_{L})=0$ $h(k,\omega_{L})\neq 0$




$\frac{1}{2\pi}\int_{\Gamma}e^{-i\omega t}\hat{\rho}_{1}(k, \omega)d\omega$ (24)
$\Gamma$ Bromwich $\omega$ $-\infty+i\sigma$ $+\infty+i\sigma$
$\sigma$
${\rm Im}\omega_{L}>0$ $f_{0}$



















$H[f_{0}|$ $J$ $f_{0}$ $J$
$H[f_{0}](J)$ $f_{0}(J)$
$f_{1}(\theta, J, t)$ Vlasov
$\Omega(J)=\frac{dH[f_{0}]}{dJ}(J)$ (27)




$\check{f}_{1}(k, J,\omega)=\int_{0}^{2\pi}d\theta e^{-ik\theta}\int_{0}^{\infty}dte^{i\omega t}f_{1}(\theta, J, t)$ (29)
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Fourier-Laplace Vlasov (28) $\check{f}_{1}$
$\check{f}_{1}(k, J,\omega)=\frac{kf_{0}’(J)}{k\Omega(J)-\omega}\check{\Phi}_{1}(k, J,\omega)+\frac{-i\check{f}_{1,ini}(k,J)}{k\Omega(J)-\omega}$ (30)
$\check{f}_{1}(k, J,\omega)$ ${\rm Im}\omega>0$ $\check{f}_{1,ini}(k, J)$
$\theta$ Fourier
$\check{f}_{1,ini}(k, J)=\int_{0}^{2\pi}e^{-ik\theta}f_{1}(\theta, J, t=0)d\theta$ (31)
$\check{\Phi}_{1}(k, J, \omega)$ $\Phi_{1}(x, t)$ (29) Fourier-Laplace
$x$
$\theta$ $J$ $\check{\Phi}_{1}$ $k$ $J$
$fi$
$\theta$ Fourier $f(\theta, J, t=0)$






$J$ $J$ $[0, \infty)$
4.2








(30) $\hat{\rho}_{1}$ (30) $e^{ik\theta}e^{-ilx}/(2\pi)$ $k$
$\theta,$ $J$ (30)
$\hat{\rho}_{1}(l, \omega)=\sum_{m}F_{lm}(\omega)\hat{\rho}_{1}(m, \omega)+G_{l}(\omega)$ (35)
$\theta$ Fourier
$\theta$ $J$ $d\theta dJ=dxdp$ $x$ $p$
$F_{lm}( \omega)=\phi_{m}\sum_{k\neq 0}\int_{0}^{\infty}\frac{kf_{0}’(J)}{k\Omega(J)-\omega}c_{km}(J)\overline{c}_{kl}(J)dJ$ (36)







$F$ Fourier $\{e^{ikx}\}$ $\{e^{il\theta}\}$
$c_{kl}(J)\neq\delta_{kl}$














$\varphi(\omega)=\int_{0}^{\infty}\frac{v(J)}{k\Omega(J)-\omega}dJ, {\rm Im}\omega>0, k\neq 0$ (39)
${\rm Im}\omega>0$ ${\rm Im}\omega\leq 0$
$\varphi(\omega)$
$\varphi(\omega)=PV\int_{0}^{\infty}$–k$\Omega$ (v$J$(J))- $\omega$ d$J+$ ( ) (40)
$J$ 1 2 $\varphi(\omega)$
1 $\omega$





























$f_{0}$ ${\rm Im}\omega>0$ $\varphi(\omega)$
Laplace Bromwich
Fourier 2 Fourier [11]
$\bullet$ $(\omega-k\Omega(0))^{a}\ln|\omega-k\Omega(0)|arrow e^{-ik\Omega(0)t}t^{-(1+a)}$
$\bullet(\omega-k\Omega(0))^{a}H(\omega-k\Omega(0))arrow e^{-ik\Omega(0)t}t^{-(1+a)}$
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